

































decades	 in	 several	 low-	 and	 middle-income	 countries	 [1].	 Obesity	 in	 childhood	 can	 contribute	 to	 physical	 and	 psychological	 health	 consequences	 during	 childhood	 [2,3].	 More	 importantly,	 childhood	 obesity	 can	 continue	 into
adolescence	and	adulthood,	resulting	in	health	and	economic	consequences	[4,5].














































Adjusted	mean	 values	 and	95%	confidence	 intervals	 (CIs)	 of	 fat	mass	 index,	 fat-free	mass	 index,	 and	percentage	 of	 body	 fat	 for	 different	 birth	weight	 quintiles	 among	boys	 and	girls	were	 assessed	by	 using	 generalized
estimating	equation	linear	models,	which	took	into	account	the	cluster	randomization.	The	possible	confounders	we	considered	were	the	children's	age,	gestational	weeks	at	birth,	antenatal	micronutrient	supplementation,	household
wealth	 level,	maternal	BMI,	and	paternal	BMI.	Furthermore,	using	the	second	quintile	of	birth	weight	group	as	a	reference,	we	applied	generalized	estimating	equation	binomial	regression	models	with	 log	 link	and	exchangeable
structure	to	estimate	the	adjusted	risk	ratios	(RRs)	and	95%	CIs	for	overweight/obesity.	Although	the	interaction	between	gender	(boy	vs	girl)	and	birth	weight	categories	in	relation	to	early	school	aged	overweight/obesity	are	not










n n	(%)/Mean	(SD) n n	(%)/Mean	(SD)
Maternal	age,	y 1665 24.8	(4.4) 1011 24.8	(4.3)
Paternal	age,	y 1663 28.0	(4.2) 1011 28.0	(4.1)
Maternal	education	(primary	and	below) 1665 590	(35.4) 1010 315	(31.2)b
Paternal	education	(primary	and	below) 1664 260	(15.6) 1012 130	(12.8)
Maternal	occupation	(farmer) 1661 1443	(86.9) 1006 870	(86.5)
Paternal	occupation	(farmer) 1665 1333	(80.1) 1012 786	(77.7)




Primipara 1669 1068	(64.0) 1013 645	(63.7)
No	of	male	child 1669 1004	(60.2) 1013 583	(57.6)
Gestation	at	birth,	wk 1669 39.8	(1.7) 1013 39.8	(1.7)
Preterm	(gestational	age	at	birth<37wks) 1669 78	(4.7) 1013 48	(4.7)
Birth	weight,	g 1669 3198	(424) 1013 3201	(420)
Low	birth	weight	(≤2500	g)c 1669 117	(7.1) 1013 63	(6.2)
Small	for	gestational	aged 1669 277	(16.6) 1013 161	(15.9)
Fig.	1	Flow	diagram	of	recruitment	and	follow-up	in	the	study	cohort.
alt-text:	Fig.	1











Q1	(<2900	g) Q2	(2900–3100	g) Q3	(3100–3300	g) Q4	(3300–3500	g) Q5	(>3500	g)
n Mean	(SD) n Mean	(SD) n Mean	(SD) n Mean	(SD) n Mean	(SD)
Pregnancy
 Treatment,	n	(%) 300 350 315 221 483
  Folic	acid 115	(38.3) 127	(36.3) 105	(33.3) 73	(33.0) 156	(32.3)
 Iron	+	Folic	acid 84	(28.0) 113	(32.3) 101	(32.1) 82	(37.1) 154	(31.9)
  Multiple	Micronutrients 101	(33.7) 110	(31.4) 109	(34.6) 66	(29.9) 173	(35.8)
Birth
 Gender,	boys,	n	(%) 300 144	(48.0) 350 181	(51.7) 315 197	(62.5) 221 144	(65.2) 483 338	(70.0)
 Birth	weight,	g,	median
(IQR)
300 2600	(300) 350 3000	(190) 315 3200	(190) 221 3400	(190) 483 3600	(300)4
 Birth	length,	cm 260 46.8	(2.6) 314 48.7	(2.4) 291 49.0	(2.0) 205 49.5	(2.6) 417 50.6	(2.7)4
 BMI,	kg/m2 260 11.8	(1.3) 314 12.6	(1.3) 291 13.3	(1.1) 205 13.8	(1.5) 417 14.5	(1.6)4
 Gestation	at	birth,	wk 300 39.3	(2.1) 350 39.7	(1.8) 315 39.9	(1.4) 221 40.0	(1.3) 483 40.2	(1.	6)4
Early	school	age
 Age,	y 300 8.6	(0.8) 350 8.8	(0.8) 315 8.7	(0.8) 221 8.8	(0.8) 483 8.9	(0.8)3
 Household	wealth	index 300 −0.02	(1.01) 350 −0.09	(0.93) 315 0.07	(0.98) 221 0.21	(1.08) 483 −0.01	(0.99)2
 Maternal	BMI,	kg/m2 284 21.6	(3.2) 333 21.5	(2.9) 298 21.8	(2.9) 208 22.0	(2.6) 465 22.0	(2.7)
 Paternal	BMI,	kg/m2 283 22.5	(3.0) 332 22.4	(3.0) 297 22.2	(2.8) 206 22.7	(2.8) 465 22.2	(3.0)
 Dietary	pattern,	n	(%) 300 350 315 221 483
  Poor 192	(64.0) 228	(65.1) 209	(66.3) 135	(61.1) 301	(62.3)
  Balanced 31	(10.3) 33	(9.4) 27	(8.6) 24	(10.9) 45	(9.3)
  Rich 77	(25.7) 89	(25.4) 79	(25.1) 62	(28.1) 137	(28.4)
 Physical	activities,	n	(%) 289 345 306 217 472
  Often 177	(61.2) 200	(58.0) 168	(54.9) 127	(58.5) 270	(57.2)










Q1	(<2900	g) Q2	(2900–3100	g) Q3	(3100–3300	g) Q4	(3300–3500	g) Q5	(>3500	g)
n Mean	(SD) n Mean	(SD) n Mean	(SD) n Mean	(SD) n Mean	(SD)
Weight,	kg 299 23.5	(3.5) 347 24.9	(3.9) 315 26.0	(4.8) 221 26.5	(4.3) 483 26.8	(4.6)4
WAZ5 283 −0.96	(0.95) 324 −0.74	(0.86) 302 −0.43	(0.97) 210 −0.31	(0.92) 438 −0.32	(0.91)4
Height,	cm 299 125.8	(6.1) 348 128.1	(6.4) 315 129.0	(6.3) 221 129.7	(6.6) 483 130.7	(6.6)4
HAZ 299 −0.76	(0.93) 348 −0.53	(0.84) 315 −0.32	(0.80) 221 −0.26	(0.89) 483 −0.16	(0.86)4
BMI,	kg/m2 298 14.8	(1.4) 347 15.1	(1.5) 315 15.6	(1.9) 221 15.7	(1.6) 483 15.6	(1.6)4
BAZ 298 −0.85	(0.98) 347 −0.67	(0.92) 315 −0.40	(1.05) 221 −0.31	(0.98) 483 −0.40	(0.98)4
FM,	kg,	median	(IQR) 298 2.2	(1.6) 347 2.7	(1.6) 315 2.9	(1.9) 221 3.0	(2.2) 482 2.8	(2.1)4
FFM,	kg,	median	(IQR) 298 20.6	(3.9) 347 21.8	(3.8) 315 22.6	(4.2) 221 23.0	(3.7) 482 23.3	(4.4)4
FMI,	kg/m2,	median	(IQR) 298 1.4	(0.9) 347 1.7	(1.0) 315 1.7	(1.1) 221 1.8	(1.4) 482 1.7	(1.2)4
FFMI,	kg/m2,	median	(IQR) 298 13.2	(1.1) 347 13.4	(1.1) 315 13.6	(1.1) 221 13.7	(1.0) 482 13.8	(0.9)4
PBF,	%,	median	(IQR) 298 9.8	(5.5) 347 11.1	(5.9) 315 11.3	(6.4) 221 11.7	(7.0) 482 11.0	(7.0)3




















Birth	weight Number	of	participants Number	of	case Model	1 Model	2
RR 95%CI RR 95%CI
Boys Q1 143 5 0.99 (0.29,	3.36) 0.65 (0.17,	2.47)
Q2 179 6 1 [Reference] 1 [Reference]




Q3 197 21 3.40 (1.34,	8.64) 2.88 (1.13,	7.32)
Q4 144 13 2.81 (1.04,	7.58) 2.40 (0.87,	6.66)
Q5 337 29 2.75 (1.12,	6.77) 2.31 (0.92,	5.80)
Girls Q1 156 6 1.10 (0.34,	3.52) 1.55 (0.43,	5.57)
Q2 168 6 1 [Reference] 1 [Reference]
Q3 118 11 2.81 (0.99,	7.93) 2.80 (0.86,	9.06)
Q4 77 4 1.46 (0.40,	5.34) 1.66 (0.43,	6.41)














birth	weight	and	fat	mass	(P	=	0.007)	among	children	5–8	years	old	 in	a	Brazilian	cohort	study	 [23].	However,	 in	a	UK	birth	cohort,	birth	weight	was	not	significantly	associated	with	 fat	mass	at	17	years	old	after	adjustment	 for
pregnancy	confounders	[25].	Additionally,	another	study	in	the	UK	found	that	birthweight	was	inversely	associated	with	adult	total	body	fat	after	adjusting	for	age,	sex,	height	and	weight	[26].	Due	to	hormones	such	as	cortisol,	insulin,

















epigenetic	marks	are	sex	specific	 [41].	The	prevalence	of	overweight/obesity	among	boys	 (7.4%)	was	almost	1.5	 times	higher	 than	 that	among	girls	 (5.0%).	This	 finding	might	 reflect	 cultural	preference	 for	boys	 in	 terms	of	 food
allocation	[42]	and	caretaking	[43].







Our	 study	 also	 has	 some	 limitations,	 such	 as	 the	 high	 sample	 attrition	 rate.	 Among	 the	 children	 with	 available	 weight	 information	 at	 birth	 who	 were	 still	 living	 in	 the	 study	 areas,	 62.2%	 participated	 in	 the	 follow-up
measurements	at	early	school	age,	and	99.7%	of	these	children	also	participated	in	the	body	composition	assessments.	However,	baseline	characteristics	were	similar	between	the	participants	who	were	lost	to	follow-up	and	those	who
completed	the	study.	Therefore,	the	results	of	the	present	study	could	be	generalized	to	the	original	sample.	Second,	although	we	performed	an	adjustment	for	a	wide	spectrum	of	predictors,	unobserved	predictive	factors	might	still
exist	among	the	observed	associations,	as	is	possible	in	any	observational	study.	We	did	not	include	maternal	lifestyles,	such	as	cigarette	smoking	and	alcohol	consumption	during	pregnancy,	in	the	adjusted	models.	Because	no	mothers
were	in	the	group	for	cigarette	smoking	and	alcohol	consumption.	It	is	noticeable,	however,	that	passive	smoking	was	more	common.	In	the	future	researches,	we	should	collect	the	information	of	passive	smoking.	Finally,	we	used
bioelectric	impedance	analysis	to	measure	body	composition,	which	is	not	an	accurate	method	for	the	assessment	of	fat	mass	and	fat-free	mass.	Future	research	should	consider	more	precise	measures	of	body	composition,	such	as
dual-energy	X-ray	absorptiometry	scans	or	air	displacement	methods,	to	allow	for	a	better	estimate	of	the	true	strength	of	these	associations.
5	Conclusions
Obesity	has	been	shown	to	be	linked	to	a	spectrum	of	chronic	diseases,	resulting	in	greater	healthcare	needs.	In	the	present	study,	we	found	that	higher	birth	weight	was	associated	with	a	relatively	higher	fat	level	in	boys	at	7-
to	10-year-old.	Fat	mass,	fat-free	mass,	and	percentage	of	body	fat	all	increased	with	weight	at	birth	for	both	sexes.	These	findings	suggest	that	those	born	with	higher	birth	weight	may	be	more	susceptible	to	being	overweight/obese	in
later	life.	Regulation	of	pre-pregnant	and	pregnant	nutritional	status	and	diet	may	be	useful	to	prevent	childhood	obesity	and	obesity-related	health	problems	by	minimizing	the	risk	of	foetal	overgrowth.
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